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LUBRICATION OIL SYSTEM FOR A
REDUCTION GEARBOX

TECHNICAL FIELD

The described subject matter relates generally to gas tur-
bine engines, and more particularly to a reduction gearbox.

BACKGROUND OF THE ART

10

A reduction gearbox for a gas turbine engine may have one
or more epicyclic gear trains used for speed reduction and to
transmit power. The planet gears, part of the epicyclic gear
train, are typically mounted on journal bearings. The bearings
must be continuously fed with lubricating o1l for adequate 15
operation. Various manoeuvres can occur during flight, and
some of these manoeuvres can aifect momentarily the lubri-
cating o1l operating pressure. Under manoeuvres generating a
negative “g”, the o1l system pressure may drop significantly to
the extent that the o1l flow delivered to the journal bearings 20
may be interrupted.

There exist systems for delivering lubricating o1l to bear-
ings 1 a reduction gearbox, to avoid the starving of the
bearings during negative “g” circumstances, which systems
include additional pumps and/or valves to supplement the 25
lubricating o1l system.

There 1s aneed for a system to retain lubricating o1l around
the bearings, 1n a reduction gearbox, that is simple and
requires fewer accessories 1 order to provide protection

against o1l starvation of the bearings during negative “g” 30
circumstances.

SUMMARY

In accordance with an embodiment of the present disclo- 35
sure, there 1s provided a reduction gear box for a gas turbine
engine comprising a casing; at least one reduction epicyclic
gear stage, within the casing, the reduction gear stage com-
prising at least an array of gears meshing together with at least
one gear mounted for rotation on a gear carrier and at least one 40
bearing associated therewith; a lubricating oil delivery sys-
tem provided within the casing and surrounding a portion of
the gear carrier, the o1l delivery system comprising a conduit;

a closed o1l reservoir; a first metered opening communicating
the conduit with the reservoir and at least one metered outlet 45
opening communicating the reservoir with the gear carrier
and the bearing such that the reservoir 1s filled with o1l 1n
normal flight operating conditions and the o1l trapped 1n the
reservolr 1s released to the carrier and bearing when a tempo-
rary drop 1n the o1l system pressure occurs. 50

In accordance with another embodiment of the present
disclosure, there 1s provided an o1l supply system for a reduc-
tion gearbox 1n a gas turbine engine, the reduction gearbox of
the type having at least one reduction epicyclic gear stage,
within the casing, the reduction gear stage comprising at least 55
an array ol gears meshing together with at least one gear
mounted for rotation on a gear carrier and a bearing associ-
ated therewith, the engine being subject to normal flight and
negative “g” flight conditions; the o1l supply system compris-
ing an oil reserve system consisting of a closed reservoir 60
provided adjacent the gear carrier, a restricted inlet opening,
associated with the reservoir for allowing o1l to enter and fill
the reservoir 1n normal flight conditions and a plurality of
metered outlet opemings to feed the o1l from the reservoir to
the gear carrier when a negative “g” condition occurs. 65

In accordance with yet another embodiment of the present
disclosure, there 1s provided a method of supplying lubricat-
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ing o1l to a reduction gearbox wherein the gearbox includes
reduction gear stages and a gear carrier mounting at least a
gear rotatable 1n the gear carrier and an associated bearing,
the method comprising: forming a closed reservoir radially
outwardly of the gear carrier within the reduction gear box,
and a restricted opening to the reservoir for delivering lubri-
cating o1l through; forming an annular o1l channel surround-
ing the gear carrier and 1n o1l communication therewith; pro-
viding metered openings to communicate the reservoir with
the annular o1l channel so that the o1l trapped 1n the reservoir
1s distributed 1nto the o1l channel to the gear carrier when a
temporary pressure drop occurs in the o1l delivery system.

Further details of these and other aspects of the present
invention will be apparent from the detailed description and
figures included below.

DESCRIPTION OF THE DRAWINGS

Reference 1s now made to the accompanying figures in
which:

FIG. 1 1s a schematic axial cross-section of a gas turbine
engine;

FIG. 2 1s a perspective, fragmented, axial cross-sectional
view showing a detail of FIG. 1;

FIG. 3 1s an aft perspective view of a detail shown m FIG.
2;

FI1G. 4a1s a schematic diagram illustrating the detail shown
in FIGS. 2 and 3, in operation; and

FI1G. 45 15 a schematic diagram similar to FIG. 4a 1llustrat-

ing the detail shown 1n FIGS. 2 and 3 with the operation under
different conditions.

DESCRIPTION OF THE PR.
EMBODIMENTS

L1
vy

ERRED

Referring to FIG. 1, there 1s shown a turboprop gas turbine
engine 10 generally having a power plant including a com-
pressor section 12, a combustion chamber 14 and a turbine
section 16 with an exhaust duct 18. The engine 10 also
includes a reduction gearbox 20 at the front end thereof.
Lubricating o1l 1s fed to the reduction gearbox 20 by means of
an o1l conduit 21.

The operation of such a gas turbine engine 1s well known,
and occurs generally as follows, by means of example only.
Air enters the engine through the inlet 13 and 1s compressed
by the compressor section 12. The compressed air 1s then fed
to the combustion chamber 14 where 1t 1s mixed with fuel and
ignited. The hot gas then expands through the turbine section
16, including the compressor turbine 15 which drives the
compressor 12 and the accessory gearbox 17; and the power
turbine section 19, which 1s mechanically independent from
the compressor turbine 15, drives the propeller shaft 25 by
means of the reduction gearbox 20. The reduction gearbox 20
includes first and second reduction epicyclic gear stages 22
and 24. The propeller shaft 25 may serve to drive other equip-
ment such as a generator, efc.

Reterring now to FI1G. 2, the reduction gearbox 20 will now
be described 1n more detail. The first reduction epicyclic gear
stage 22 recerves mput from the power plant through power
turbine output shaft 26 which drives the first stage sun gear
(28 1n FIG. 1). The first stage outer ring gear 30 1s held
stationary within the gearbox casing 32, and a plurality of
planet gears 34 are supported within the ring gear 30 by a first
stage carrier balancing assembly 36 comprising a first stage
planet gear carrier 38 and a coupling adapter 40. Each planet
gear 34 1s journalled on a bearing 39 and 1s rotatably mounted
in the planetary carrier 38 about an axis, and 1s 1n meshing
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engagement with both the sun gear 28 and the outer ring gear
30. The drive shatt 26, sun gear 28, ring gear 30 and planetary
carrier 38 are all concentric about a central axis, and both the
sun gear 28 and planetary carrier 38 are adapted to rotate
about the central axis. Fach planet gear 34 has 1ts own 1ndi-
vidual axis of rotation, about which each rotates and the
planet gears 34 are thereby adapted to rotate the planetary
carrier 38 about the central axis when driven by shaft 26
through sun gear 28.

The coupling adapter 40 1s fastened to, and is therefore
adapted to rotate with, the first stage planetary carrier 38 and
serves to transier torque to the second reduction stage 24. The
second stage 24 operates substantially as per the first stage
described above, with certain modifications which will be
apparent to those skilled 1n the art, and thus 1s only described
briefly here. The second stage 24 similarly comprises a cen-
tral second stage sun gear 42 supported within the adapter 40,
which 1s 1n meshing engagement with a plurality of second
stage planet gears 44 which rotate within a stationary second
stage outer ring gear 43. The revolving second stage planet
gears 44 are journalled on bearings 45 and rotate within a
second stage planetary carrier 46 which provides output
torque to the propeller shatt 25. The second stage sun gear 42
and planetary carrier 46 also rotate about the central axis of
the reduction gearbox 20, and the second stage planet gears
44 rotate about their individual axes of rotation.

A main o1l conduit 50 supplies the lubricating o1l to the
journal bearings of the first and second reduction gear stages
22, 24. The conduit 50 communicates with passages in the
casing core 52 surrounding the first stage gear carrier 38,
represented by the annular o1l conduit 56. The gear carrier 38
1s designed to pump o1l to the bearings 39.

In the present embodiment as 1llustrated in FIGS. 2 and 3,
a cavity, forming an o1l reservoir 54, has been formed 1n the
core 52. Oil 1s supplied to the reservoir 54 by the conduit 50
through a restricted opening 58. The reservoir 54 will be
maintained full during normal thight conditions by means of
the o1l pressure regulating system, which will ensure constant
pressurized o1l feed to the reduction gearbox and therefore to
the journal bearings 39 and 45.

As shown 1n FIG. 3, three metered openings 60, 62 and 64
will allow a metered supply of o1l to the annular o1l channel
56, surrounding the gear carrier 38 (not shown 1n FIG. 3 but
shown in FIG. 2). Lubricating o1l may also be fed to the
annular o1l channel 56, surrounding the carrier 38 through
other conventional feed conduits, such as conduit 51, shown
supplying the torque meter 66.

Various manoeuvres can occur during flight. Some of these
manoeuvres can aifect, momentarily, the o1l system operating,
pressure. Under manoeuvres generating a negative “g”, the
o1l system pressure may significantly drop, and the o1l flow
delivered to the Journal bearings 39, 45 may stop. Therefore
the journal bearings may lose their capability to support load.
The first stage journal bearings are highly sensitive to o1l flow
interruption. As a result, one or more planet gears 34 may
generate heat which may result 1n seizure.

FIGS. 3, 4a and 45 1llustrate what may occur given the
modifications described in the present embodiment. Refer-
ring to FI1G. 4a, o1l 1s fed from the conduit 50 into the reservoir
54 through the opening 58 and then to the o1l annular channel
56 by means of primary outlet opening 60 as well as second-
ary outlet openings 62 and 64. When the system pressure
drops significantly, o1l flow 1s interrupted, for instance while
the tlight 1s operating under a negative “g”, very little o1l waill
flow into the reservoir by means of inlet opening 38 due to the
drastically reduced o1l pressure in the system. The o1l accu-
mulated within the reservoir 34 will continue to pass, at a
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lower pressure, into the annular o1l channel 56 through the
metered openings 60, 62 and 64. The o1l 1s trapped in the
reservolr 54 during this temporary negative “g” flight phase
since 1t cannot drain rapidly from the small inlet opening 58.
Thus, o1l will continue to be pumped to the bearings 39 by
means of the planetary gear carrier 38.

The above description 1s meant to be exemplary only, and
one skilled 1n the art will recognize that changes may be made
to the embodiments described without departing from the
scope of the imnvention disclosed. For example, the reduction
gear box 20 1s illustrated as being 1n a turboprop, but may be
in any other type of gas turbine engine using such a reduction
gear box. Still other modifications which fall within the scope
ol the present invention will be apparent to those skilled in the
art, in light of a review of this disclosure, and such modifica-
tions are intended to fall within the appended claims.

The invention claimed 1s:

1. A reduction gear box for a gas turbine engine comprising
a casing; at least one reduction epicyclic gear stage, within the
casing, the reduction gear stage comprising at least an array of
gears meshing together with at least one gear mounted for
rotation on a gear carrier and at least one bearing associated
therewith; a lubricating o1l delivery system provided within
the casing and surrounding a portion of the gear carrier, the o1l
delivery system comprising a conduit; a closed o1l reservoir;
a first metered opening communicating the conduit with the
reservolr and at least one metered outlet opening communi-
cating the reservoir with the gear carrier and the bearing such
that the reservoir 1s filled with o1l 1n normal flight operating
conditions and the o1l trapped 1n the reservoir 1s released to
the carrier and bearing when a temporary drop in the oil
system pressure occurs.

2. The reduction gearbox as defined in claim 1 wherein the
o1l delivery system 1s defined partially within a portion of the
casing and the reservoir 1s a cavity defined in the portion of the
casing.

3. The reduction gear box as defined in claim 2 wherein an
annular o1l distribution channel 1s defined on the casing 1n
contact with the gear carrier and the bearing and the metered
outlet opening 1s in communication with the annular channel.

4. The reduction gear box as defined 1n claim 3 comprising,
at least three of said metered outlet opening communicating
the reservoir with the annular channel.

5. The reduction gearbox as defined 1n claim 3 wherein the
gear carrier includes a cylindrical component journalled
within the casing and communicating with the annular chan-
nel.

6. The reduction gear box as defined 1n claim 5 wherein the
at least one gear 1s a planet gear within a planetary gear stage
and the planetary gear 1s journalled to the bearing mounted to
the gear carrier.

7. The reduction gear box as defined in claim 6 wherein the
o1l 1s pumped to the planetary gear by the gear carrier.

8. An o1l supply system for a reduction gearbox in a gas
turbine engine, the reduction gearbox of the type having at
least one reduction epicyclic gear stage, within the casing, the
reduction gear stage comprising at least an array of gears
meshing together with at least one gear mounted for rotation
on a gear carrier and a bearing associated therewith, the
engine being subject to normal flight and negative “g” tlight
conditions; the o1l supply system comprising an o1l reserve
system consisting of a closed reservoir provided adjacent the
gear carrier, a restricted inlet opening associated with the
reservolr for allowing oil to enter and fill the reservoir in
normal flight conditions and a plurality of metered outlet
openings to feed the o1l from the reservoir to the gear carrier
when a negative “g” condition occurs.
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9. The o1l supply system as defined 1n claim 8 wherein the
closed reservoir 1s a cavity formed in the casing of the reduc-
tion gearbox.

10. The o1l supply system as defined in claim 9 wherein
there are at least three metered outlet openings.

11. A method of supplying lubricating o1l to a reduction
gearbox wherein the gearbox includes reduction gear stages
and a gear carrier mounting at least a gear rotatable in the gear
carrier and an associated bearing, the method comprising:

forming a closed reservoir radially outwardly of the gear

carrier within the reduction gear box, and a restricted
opening to the reservoir for delivering lubricating oil
through;

forming an annular o1l channel surrounding the gear carrier

and 1n o1l communication therewith;

providing metered openings to communicate the reservoir

with the annular o1l channel so that the o1l trapped 1n the
reservolr 1s distributed 1nto the o1l channel to the gear
carrier when a temporary pressure drop occurs 1n the oil
delivery system.

12. The method as defined in claim 11 wherein forming the
reservolr comprises forming the reservoir as a cavity defined
in the casing of the gearbox.
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